How might it impact on clinical practice in the foreseeable future? ► The study suggests that clinicians should be aware of symptoms of parkinsonism in patients with IBD, and the study demonstrates the need for further investigation into the role of intestinal inflammation and braingut-microbiome axis in the aetiology of parkinsonism. ► The identification of risk factors associated with prodromal phases of PD may allow us for early intervention studies that could modify or slow down disease progress.
AbSTrACT
Objective intestinal inflammation has been suggested to play a role in development of Parkinson's disease (PD) and multiple system atrophy (MSa). to test the hypothesis that iBD is associated with risk of PD and MSa, we performed a nationwide populationbased cohort study.
Design the cohort consisted of all individuals diagnosed with iBD in Denmark during 1977-2014 (n=76 477) and non-iBD individuals from the general population, who were comparable in terms of gender, age and vital status (n=7 548 259). all cohort members were followed from iBD diagnosis/index date to occurrence of PD and MSa (according to the Danish national Patient register). results Patients with iBD had a 22% increased risk of PD as compared with non-iBD individuals (Hr=1.22; 95% ci 1.09 to 1.35) . the increased risk was present independently of age at iBD diagnosis, gender or length of follow-up. the overall incidence of MSa was low in our study, and the regression analysis suggested a tendency towards higher risk of developing MSa in patients with iBD as compared with non-iBD individuals (Hr=1.41; 95% ci 0.82 to 2.44). estimates were similar for women and men. the increased risk of parkinsonism was significantly higher among patients with Uc (Hr=1.35; 95% ci 1.20 to 1.52) and not significantly different among patients with crohn's disease (Hr=1.12; 95% ci 0.89 to 1.40) . Conclusions this nationwide, unselected, cohort study shows a significant association between iBD and later occurrence of PD, which is consistent with recent basic scientific findings of a potential role of gi inflammation in development of parkinsonian disorders.
InTrODuCTIOn
The IBD, Crohn's disease (CD) and ulcerative colitis (UC) are chronic conditions with onset in young adulthood. In UC, inflammation is superficial and only affects the colon, whereas in CD, inflammation is transmural and may affect the entire GI tract. IBD is characterised by chronic proinflammatory immune activity, a trait which is now also suggested to be a fundamental element of neurodegenerative disorders. Intestinal inflammation may be of particular relevance in the pathogenesis of parkinsonism, including Parkinson's disease (PD) 2 and multiple system atrophy (MSA).
Intracellular aggregates of α-synuclein (α-syn) are pathological hallmarks of parkinsonism, with α-syn being a major constituent of neuronal Lewy bodies in PD, whereas in MSA, α-syn aggregates are found mainly in oligodendroglia, 3 4 with phosphorylation at serin-129 being the most dominant pathological form (p-α-syn). 5 Of interest, a specific pattern of p-α-syn aggregates can be identified in the enteric nervous system (ENS) in patients with PD. This accumulation is most likely associated with inflammatory processes and intestinal barrier dysfunctions. 6 IBD is associated with perturbation in the intestinal immune homeostasis due to failure in the immune response to intestinal microbiota. 7 It is known that there is a genetic susceptibility for IBD. Genome-wide association studies have reported the leucine-rich repeat kinase 2 (LRRK2) gene to be one of the major gene loci associated with increased susceptibility for CD. [8] [9] [10] Interestingly, LRRK2 is the gene most commonly associated with both familial and sporadic PD and MSA. 10 11 LRRK2 was recently found to be involved in regulation of inflammatory responses and α-syn clearance. 12 Our own observations suggest that a defect in the innate immune response could be responsible for the α-syn accumulation. 13 Hence, the current state of the art in pathogenic mechanisms behind parkinsonism supports a link between gut inflammation and development of PD and MSA. However, real-life evidence from epidemiological studies is lacking, except for a minor study of 5% of the Taiwanese population, suggesting that especially CD may be associated with development of PD. 14 We, therefore, aimed to perform a nationwide and hence unselected cohort study of all patients diagnosed with IBD in Denmark during 1977-2014 to assess the association with later development of the two forms of parkinsonism, idiopathic PD and MSA.
MeTHODS

Study population
Our study was based on all individuals aged 15 years or older and living in Denmark during 1977 and 2014 (n=8 858 367). In Denmark, all citizens are assigned a unique individual personal identification number (Civil Personal Registration (CPR) number) at birth or immigration by the Danish Civil Registration System. 15 The CPR number enables linkage to other national registers including the Danish National Patient Register (NPR), a register containing information on all inpatient hospitalisations in somatic wards in Denmark since 1977 and outpatient hospital contacts in emergency rooms and ambulatory settings since 1995. 16 In the NPR we identified all patients with a diagnosis of IBD during 1977 to 2014 using primary or secondary diagnosis codes classified with the International Classification of Diseases Eighth or Tenth Revision (ICD-8/ICD-10). The definition of IBD included CD (ICD-8 codes 56 300-56 309 and ICD-10 code group K50) and UC (ICD-8 code 56 319 or 56 904 and ICD-10 code group K51). The validity of the registration with IBD diagnoses in the NPR has previously been estimated to be 97% for CD and 90% for UC. 17 Patients who had a diagnosis of both CD and UC in the NPR were classified based on their last diagnosis but with follow-up starting at time of first registration with one of the diagnoses.
To increase comparability between patients with IBD and non-IBD individuals, we did not compare patients with IBD with all individuals in the background population, but matched each patient with IBD with all comparable individuals without IBD in terms of gender, age (date of birth ±1 week) and vital status on the date of first IBD diagnosis. Patients with IBD and non-IBD individuals with no comparable matches were excluded.
We used NPR to identify all individuals in our study population with a diagnosis (primary or secondary) of PD (ICD-8 code 342 and ICD-10 code group G20) or MSA (ICD-10 codes DG232-DG233), 18 19 and to identify comorbidities among cohort members (based on the method described by Christensen et al 20 ) . Comorbidity scores were handled as a categorical variable.
Using the Danish Civil Registration System, which also contains continuously updated information on demographics in the Danish population, 15 we obtained information on disappearance, emigration and death for our study population.
Statistical analyses
All cohort members were followed from index date (date of IBD diagnosis or comparable date in matches) until PD or MSA, emigration, death or end of the study, 31 December 2014, whichever event occurred first. Persons diagnosed with PD or MSA before the index date were excluded from the analysis. By Cox proportional hazard regression, using time since index date as underlying time scale, we estimated the risk of PD and MSA, respectively, in patients with IBD compared with non-IBD individuals. Results were reported by hazard rate ratios (HR) with 95% CIs, which were calculated IBD combined and for UC and CD separately. HRs were adjusted for Charlson Comorbidity Index.
In addition to the overall estimate, we estimated gender-specific HRs of PD and MSA. Further stratification of the analysis of MSA was not possible due to the low number of cases. In the analyses of PD, we explored if age at IBD diagnosis influenced the association by stratifying the analysis in three age groups (<40 years, 40-65 years, >65 years). Stratification of the HRs on follow-up time was performed to evaluate if time between IBD influenced the risk of developing PD. To test the robustness of our analyses, we also performed a number of sensitivity analyses. Statistical analyses were performed with SAS V.9.4 (SAS Institute).
Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in developing plans for design or implementation of the study. No patients were asked to advise on interpretation or writing up of results. We plan to disseminate the results of the research to the relevant patient community.
reSulTS
In our nationwide cohort of 8 858 367 individuals, a total of 76 594 patients were diagnosed with IBD at age 15 years or older during 1977-2014. Individuals in the source population who were not comparable with patients diagnosed with IBD in terms of gender and week of birth were excluded (n=1 310 108). The final cohort comprised 76 477 patients with IBD and 7 548 259 non-IBD individuals. Characteristics of patients with IBD and matched non-IBD individuals are shown in table 1. Patients with IBD had more comorbidities than non-IBD individuals (p<0.001), which was taken into account in the analyses.
During more than 83 million years of follow-up, 335 patients with IBD (0.4%) and 39 784 non-IBD individuals (0.5%) were diagnosed with PD, whereas 13 patients with IBD (0.02%) and 866 non-IBD individuals (0.01%) were diagnosed with MSA (figure 1). A total of 41 patients with IBD were excluded due to PD or MSA prior to IBD diagnosis.
The cumulative probability of PD was significantly higher in patients with IBD than in non-IBD individuals during up to 37 years of follow-up (figure 2, log rank, p=0.02). The mean interval from IBD to diagnosis of PD was 11.7 years (range, The overall incidence of MSA was low in our study, and the cumulative probability of MSA was not significantly higher in patients with IBD than in non-IBD individuals (figure 3). Our regression analysis suggested however a tendency towards higher risk of developing MSA in patients with IBD as compared with non-IBD individuals (adjusted HR 1.41; 95% CI 0.82 to 2.44) (table 3). Estimates were similar for women and men (table 3) .
Inflammatory bowel disease
When analysing the composite outcome of PD and MSA (in total 40 077 PD cases and 879 MSA cases), patients with IBD had a 29% higher risk of PD or MSA (adjusted HR 1.29; 95% CI 1.16 to 1.44) than IBD or non-IBD individuals. The increased risk of PD and MSA was slightly higher among patients with UC (adjusted HR 1.35; 95% CI 1.20 to 1.52) than among patients with CD (adjusted HR 1.12; 95% CI 0.89 to 1.40), but CIs were overlapping. Accordingly, patients with UC were found to have a 3% higher risk of PD and MSA than patients with CD (HR 1.035; 95% CI 1.03 to 1.04; p<0.001).
Sensitivity analyses
To test the robustness of our analyses, we did a number of sensitivity analyses. First, to account for the possibility that some patients had PD with initial intestinal symptoms misclassified as IBD, we did a sensitivity analysis excluding the first 2 years of follow-up after first diagnosis with IBD. This did not change the adjusted estimate of parkinsonism in patients with IBD compared with non-IBD individuals markedly (HR 1.14; 95% CI 1.01 to 1.28 of parkinsonism also remained fairly unchanged (HR 1.21; 95% CI 1.09 to 1.35). In our data, many outpatient registrations were long (years) and comprised several visits. Inpatient contacts parallel to outpatient treatment were therefore common. In a sensitivity analysis of 33 839 patients with IBD (44.2%) who had both inpatient and outpatient visits registered, the adjusted estimate of parkinsonism was again fairly unchanged (HR 1.22; 95% CI 1.04 to 1.43). In patients with IBD, only having inpatient (22.2%) or outpatient (33.6%) visits registered, the adjusted estimate of parkinsonism in patients with IBD compared with non-IBD individuals was 1.15 (95% CI 0.95 to 1.39) and 1.27 (95% CI 1.00 to 1.60), respectively.
DISCuSSIOn
In this nationwide Danish cohort study of all patients with IBD followed for more than 8 million person-years, we found a significantly increased risk of PD when comparing patients with IBD with non-IBD individuals from the general Danish population. We also observed a tendency towards increased risk of MSA, although power was limited for this disease subtype. The risk of parkinsonism seemed independent of age at IBD diagnosis and of gender, whereas patients with UC had slightly higher risk than patients with CD. To our knowledge, this is the first epidemiological study investigating the risk of parkinsonism in an unselected, nationwide cohort of patients with IBD with long-term follow-up from a country with easy and free access to healthcare. The validity of PD and IBD diagnoses in the Danish NPR is known to be accurate and almost complete. 17 18 Potential limitations relate to the registry-based nature of the study, which may imply that atypical parkinsonism syndromes and MSA were registered as idiopathic PD in the ICD-8 disease classification system, where MSA could not be recorded as separate disorder. Register studies may also suffer from detection bias, that is, that diagnosing of one disease may increase the likelihood of concomitant diagnosing of another disease. However, our observation of a nearly constant risk of parkinsonism in all years of follow-up, and hence not limited to the first years after IBD diagnosis, speaks against such initial detection bias. Further, we were unable to access medication data, and considering the higher use of psychotropic medications in persons with IBD than controls we cannot rule out the possibility that some of the increased risk of PD in UC is secondary to drug-induced PD. Finally, information on potential confounders, such as smoking, is not available at the national level.
There is a growing awareness within the scientific communities of the connection between the intestinal environment and the central nervous system (CNS). This so-called 'gut-brain axis' is believed to link functions of the brain with peripheral intestinal functions. 2 Especially, unbalances in the intestinal microbiome in relation to neurological diseases have recently taken the spotlight, with studies relating PD with a more proinflammatory gut milieu. 21 Recent evidence for the gut as an initial site of PD pathology comes from a study by Sampson et al demonstrating the importance of the gut microbiota to the pathophysiology of neuroinflammation in the development of motor deficits in the α-syn-overexpressing mouse. 22 In addition, colonisation of these mice by microbiota from patients with PD (relative to microbiota from healthy donors) resulted in worse motor symptoms. 22 Also, changes in the composition of the gut microbiota have been detected in CD and in UC, reinforcing the hypothesis of dysbiosis as a relevant mechanism underlying IBD pathogenesis. 23 24 Lewy pathology, resulting from α-syn inclusions, the main neuropathological hallmark of PD, can be detected in the GI tract of patients with PD up to 20 years prior to their diagnosis. 25 However, α-syn appears to be abundantly expressed in the ENS in a similar manner in patients with PD, patients with MSA and controls. 26 Moreover, p-α-syn is detectable in patients with PD and in healthy controls in an age-dependent fashion, questioning the usefulness of p-α-syn and native α-syn detection in colonic biopsies as a reliable biomarker of PD. 6 27 28 Despite this, Barrenschee et al have shown that if a refined morphometric analysis is applied, a specific pattern of p-α-syn aggregates can be identified in patients with PD distinct from controls.
The ENS contains a prominent component of glial cells, the so-called enteric glial cells, which, like astrocytes of the CNS, contribute to supporting, protecting and maintaining the neural network. Both IBD and PD have been associated with GI barrier dysfunction and furthermore, the GI symptoms that occur in PD might in part be caused by enteric glial dysfunction. 30 Recently, it was shown that α-syn is a component of the innate immune defence system of the ENS and acts as potent chemoattractant for neutrophils and monocytes, promoting mucosal inflammation. 31 Inflammation of the GI tract is the signature of IBD. 32 Notoriously, colonic biopsies from patients with PD show a proinflammatory cytokine expression profiling, for example, interferon gamma (IFN-γ), interleukin (IL)-6 and IL-1β, strikingly similar to that reported for IBD. 32 33 α-syn may act as an antigenic epitope displayed by major histocompatibility complex inducing the production of proinflammatory cytokines, IL-5 and IFN-γ, drive helper and cytotoxic T cell responses in patients with PD. 34 These inflammatory processes and intestinal barrier dysfunctions possibly enhance p-α-syn assembly into aggregates; however, it remains unclear whether α-syn aggregation is a cause or a consequence of inflammation. 35 Our results suggest a significantly higher risk of PD in patients with IBD compared with non-IBD individuals, and a higher risk in patients with UC than in patients with CD. Interestingly, tobacco smoking is associated with a reduced risk of developing UC (in contrast to CD) 36 and long-term smoking also reduces the risk of PD. 37 The biological mechanism behind the protective effects of smoking in UC and PD remains to be clarified, but it is known that both smoking and nicotine affect the composition of the microbiota and reduce the production of proinflammatory cytokines. 38 The LRRK2 mutation, which may explain between 5% and 13% of familial and 1%-5% of sporadic PD, 11 has been suggested to associate with IBD, especially CD. 39 Yet, we observed a higher risk of PD in UC than in patients with CD. The prevalence of the most frequent LRRK2 p.Gly2019S mutation is generally low (0.55%) in Danish cohorts of patients with neurodegenerative disorders, even when considering PD cases alone. 40 This may imply a low involvement of this mutation in the IBD-PD effect in our cohort.
In conclusion, our nationwide population-based cohort study shows a significant association between IBD and later PD. Although the absolute risk of PD remains low, our study points to overlapping pathogenic mechanisms, which merit further investigation, as they may represent targets for future therapeutic interventions.
